Soluble N-ethylmaleimide-sensitive factor Attachment Receptor (SNARE) proteins control the fusion of intracellular membrane compartments. The vesicle-associated membrane proteins (VAMPs) are a family of SNAREs essential to establish the interaction with target SNAREs like Syntaxin and SNAP. Tetanus-toxin Insensitive VAMP (TI-VAMP) is different from the Synaptobrevin VAMP family which majorly controls synaptic vesicle (SVs) fusion. Ti-VAMP or VAMP7 has a longing domain necessary to sort proteins to internal compartments. In neurons, VAMP7 is thought to regulate SV trafficking and spontaneous fusion. In addition, VAMP7 participates in neurite extension and SV cycling through a reserve pool, however, its function is still under investigation. Here, we characterized a VAMP7 loss of function Drosophila animal (VAMP-7 À/À ) generated by imprecise p-element excision. Null animals survive until third instar larval stage in low density condition and display sluggish phenotype. Basal synaptic transmission analyses by two-electrode voltage-clamp indicate unaltered spontaneous and evoked SV fusion. Additionally, exo/endocytosis imaging with FM 1-43 revealed normal exo/endo-cycling pool but altered reserve pool formation. Neuronal driven expression of Drosophila VAMP7 tagged with GFP display punctate morphology at nerve terminals.
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Neuroscience Department, Universidad Central del Caribe, Bayamon, PR, USA, 2 Instituto de Ciencias Biomedicas, Universidad de Chile, Santiago, Chile. The availability of synaptic vesicles (SVs) and their timing for fusion are critical for neurotransmitter release and neural communication. Synapsins (Syn) are abundant phosphoproteins associated reversibly with SVs and cytoskeleton. Syn is highly conserved in animal kingdom and is thought to regulate SVs trafficking and short-term plasticity. Syn function compromises learning and memory, however, its role in synaptic transmission is still under investigation. Here we analyzed Syn null by voltage-clamp recording of synaptic transmission at Drosophila glutamatergic model. We found that Syn null increases the probability of SV fusion by decreasing the sensitivity to calcium. In addition, Syn null increases asynchronous release, alters short-term plasticity and synaptic memory. A use-dependent model for neurotransmission induced by high-frequency nerve activity and a masked plasticity under depression is discussed.
2136-Pos Board B280
Mathematical Modeling Supports the Hypothesis that Synaptotagmin Rings Clamp Fusion Jie Zhu 1 , Ben O'Shaughnessy 2 , James Rothman 1 . 1 Cell Biology, Yale University, New Haven, CT, USA, 2 Chemical Engineering, Columbia University, New York, NY, USA. Synaptotagmin (Syt) is a component of the cell's machinery that mediates membrane fusion during synaptic release and other fundamental processes. Syt is an integral membrane protein in synaptic vesicles with calcium binding domains C2A and C2B and binds SNARE proteins whose assembly drives fusion. SYT is the calcium sensor during evoked release, but the mechanisms are unclear. Recently, electron microscopy (EM) showed Syt C2AB domains spontaneously forming rings on negatively charged phospholipid monolayers. Ca 2þ disassembled the rings, suggesting Syt rings could serve as membrane spacers that clamp fusion by preventing SNARE assembly until the Ca 2þ pulse, when their disassembly would trigger fusion (Wang et al, 2015) . Here we used mathematical modeling to test the hypothesis that SYT rings form on target membranes and clamp fusion. We developed a coarse-grained model that incorporates features from the Syt crystal structure and treats the membranes in a dynamic triangulation scheme. The model showed that Syt monomers self-assemble into rings on monolayers, with poly-lysine SYT patches on the inner edge of the ring attracting and buckling the charged membrane. The model reproduced experimental ring size distributions and structures seen in EM: smaller rings produced dome-shaped membrane deformations, larger rings produced volcanoes, reflecting competition between membrane bending energy and unbinding energy from the sub-strate. Further, we find that docking of a SYT-containing vesicle will generate SYT rings on the target membrane (trans-binding) due to the charged PS and PIP2 components, consistent with the ring spacer clamping hypothesis. Interestingly, rings buckled the membrane towards the synaptic vesicle, a deformation that might be expected to promote fusion. Overall, we find that charged membranes promote formation of Syt rings that may clamp fusion, but the rings simultaneously deform membranes into potentially fusion-promoting shapes.
2137-Pos Board B281
Molecular Dynamics Simulations of Synaptotagmin Binding to Lipid Bilayers Maria Bykhovskaia. Neurology, Wayne State University, Detroit, MI, USA. Synaptotagmin 1 (Syt1) is a protein associated with synaptic vesicles that serves as a neuronal calcium sensor. In response to an action potential, calcium ions inflow into the nerve terminal, bind Syt1, and trigger fusion of vesicles with the plasma membrane. Although the structure, dynamics, and calcium binding properties of Sy1 have been extensively studied, it is still debated how specifically Syt1 triggers fusion. Syt1 includes a transmembrane region and two cytosolic domains, C2A and C2B, connected by a flexible linker. Both domains have calcium binding loops, and calcium binding is thought to promote the insertion of domain tips into lipid bilayers. To elucidate this mechanism, we performed molecular dynamics (MD) simulations of calcium free and calcium bound forms of Syt1 in water/ion environment and took advantage of periodic boundary conditions to model the dynamics of Syt between bilayer bilayers. We found that calcium binding loops of C2A domain have strong affinity to lipids even in the absence of calcium, and calcium biding strongly promotes their penetration into bilayers. In contrast, C2B binding loops did not interact with lipids in the absence of calcium, and even upon calcium binding only a week interaction of C2B calcium binding loops with lipids was observed. Apparently, this interaction may depend upon lipid composition and may require specific lipids which were not included in our simulations. Calcium binding pockets of C2 domains had a strong preference for facing opposing membranes during the entire length of the simulation. These results suggest a scenario whereby the tip of Syt1 C2A domain preferentially interacts with the vesicle membrane and immerges into lipids upon calcium binding, while C2B domain interacts with the plasma membrane, possibly being anchored by membrane-specific lipids, such as PIP2.
2138-Pos Board B282
Synaptotagmin-1 Binds to PIP2-Containing Membrane but not to SNAREs at Physiological Ionic Strength Yongsoo Park. Department of Neurobiology, Max-Planck-Institute for Biophysical Chemistry, Goettingen, Germany. The Ca 2þ sensor synaptotagmin-1 is thought to trigger membrane fusion by binding to acidic membrane lipids and SNARE proteins. Previous work has shown that binding is mediated by electrostatic interactions that are sensitive to the ionic environment. However, the influence of divalent or polyvalent ions, at physiological concentrations, on synaptotagmin's binding to membranes or SNAREs has not been explored. Here we show that binding of rat synaptotagmin-1 to membranes containing phosphatidylinositol 4,5-bisphosphate (PIP2) is regulated by charge shielding caused by the presence of divalent cations. Surprisingly, polyvalent ions such as ATP and Mg 2þ completely abrogate synaptotagmin-1 binding to SNAREs regardless of the presence of Ca 2þ . Altogether, our data indicate that at physiological ion concentrations Ca 2þ -dependent synaptotagmin-1 binding is confined to PIP2-containing membrane patches in the plasma membrane, suggesting that membrane interaction of synaptotagmin-1 rather than SNARE binding triggers exocytosis of vesicles.
2139-Pos Board B283 Inversion of Ligand Binding Preferences in Re-Engineered Dysferlin C2Av1
Faraz Harsini, Anne Rice, Kerry Fuson, R. Bryan Sutton. Cell Physiology and Molecular Biophysics, Texas Tech University Health Sciences Center, Lubbock, TX, USA. Dysferlin is a 237 kDa skeletal muscle protein that plays a key role in Ca 2þ -mediated membrane repair of muscle cells. The full length protein possesses seven tandem C2 domains and a single C-terminal transmembrane helix. Mutations in the dysferlin protein have been linked to Limb-Girdle Muscular Dystrophy in humans. The canonical C2A domain of dysferlin binds Ca 2þ and phospholipid similar to other Ca 2þ -dependent phospholipid binding C2 domains; however, another co-expressed isoform of dysferlin C2A, C2A variant 1 (C2Av1), binds negatively changed phospholipid, but not Ca 2þ .
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To test whether we could modulate the binding behavior of the alternate domain with a simple mutation, we mutated two Arg residues (R20 and R21) in Loop 1 of C2Av1 to Asp, and tested the resulting protein for Ca 2þ and phospholipid binding. Interestingly, the resulting domain (C2Av1 R20D,R21D) bound a single calcium ion but not phospholipid, a complete inversion of binding preference. Our result also supports the hypothesis that the C2A domains of dysferlin interact with negatively charged phospholipid surfaces using only electrostatic attraction. The 3D structure of the domain including ligand was obtained using X-Ray Crystallography. Granuphilin, also known as synaptotagmin-like protein 4 (Slp4), is a Rab effector responsible for docking insulin secretory vesicles to the plasma membrane prior to exocytosis. Granuphilin binds vesicular Rab proteins via an N-terminal Slp homology (SHD) domain, binds plasma membrane SNARE complex proteins via a central linker region, and contains tandem C-terminal C2 domains (C2A and C2B) with affinity for phosphatidylinositol-(4,5)-bisphosphate (PIP2). Granuphilin's C2A domain has previously been shown to bind PIP2 or its soluble analogues with low micromolar affinity; however, the domain docks with low nanomolar apparent affinity to PIP2 in lipid vesicles that also contain background anionic lipids such as phosphatidylserine (PS). Here we show using a combination of computational and experimental approaches that this highaffinity membrane interaction arises from concerted binding at two or more sites on the C2A domain. First, docking calculations predict at least two possible binding pockets for anionic ligands. Second, liposome binding measurements indicate that affinity depends on concentrations of PIP2 as well as PS and phosphatidic acid (PA) in the membrane. Third, fluorescence measurements indicate that different regions of the protein surface are responsible for binding membranes containing or lacking PIP2. Fourth, single-molecule lateral diffusion measurements indicate distinct membrane-bound states depending on the available target lipids. Mutational analysis is currently underway to confirm locations of these lipid binding sites. Overall, multivalent membrane binding by granuphilin likely contributes to selective recognition and high affinity docking of large dense-core secretory vesicles to the plasma membrane. Pituitary cells are electrically excitable, in particular there are two main voltage patterns: continuous spiking and pseudo-plateau bursting. During cell depolarization, Ca 2þ enters and induce elevation in the intracellular Ca 2þ concentration leading to hormone secretion. Experimentally, the calcium concentration is higher during bursting compared to spiking. In this work we investigate whether pseudo-plateau bursting is more effective than spiking in evoking hormone secretion by exploiting computer simulations. Experimental voltage traces measured from GH4C1 lacto-somatotroph cells were used as input to a stochastic mathematical model of Ca 2þ channel activity coupled to simulations of Ca 2þ diffusion and buffering inside the cell. Furthermore, we used the computed submembrane Ca 2þ profiles at varying distances from the calcium channels to drive an exocytosis model to get the resulting hormone release. We considered scenarios where Ca 2þ channels were either spatially discrete or located in clusters. Finally, we used the dynamic clamp technique to convert a spiking cell to a bursting cell by injecting a model BK current, in order to investigate the effect on secretion. We found that when the release site is close to the channel, regardless of the channel configuration, spiking is as effective as bursting at evoking hormone release. In contrast, when the release site is situated farther from the channel (300-500 nm) bursting is superior to spiking. This result can be explained by the fact that bursting induces the entrance of more Ca 2þ . However, bursting is more effective than spiking even when normalizing to Ca 2þ influx, which we explain by hormone release being facilitated by sustained Ca 2þ concentration levels, since three Ca 2þ ions have to bind to induce vesicle fusion, and this is more likely to occur during bursting.
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Intracellular Calcium Channels and Calcium Sparks and Waves II 2142-Pos Board B286 SHG-2PF Imaging of Local Ca 2D and Sub-Sarcomere Contraction in Live Cardiomyocytes Samir Awasti 1 , Leighton T. Izu 2 , Ziliang Mao 1 , Zhong Jian 2 , Ye Chen-Izu 2 , James W. Chan 1 . 1 NSF Center for Biophotonics Science and Technology, UC Davis, Davis, CA, USA, 2 Pharmacology, UC Davis, Davis, CA, USA. Rationale: Cardiomyocyte contraction is caused by Ca 2þ binding to troponin C, which triggers the cross-bridge power stroke and myofilament sliding in sarcomeres. Synchronized Ca 2þ release causes whole cell contraction, which is readily observable with current microscopy techniques. However, it is unknown whether localized Ca 2þ release, such as Ca 2þ sparks and waves, can cause local sarcomere contraction. Contemporary imaging methods fall short of measuring microdomain Ca 2þ -contraction coupling in live cardiomyocytes. Objective: To develop a method for imaging sarcomere-level Ca 2þ -contraction coupling in live cardiomyocytes at high spatiotemporal resolution. Methods and Results: Freshly isolated cardiomyocytes were loaded with the Ca 2þ -indicator Fluo-4. A confocal microscope equipped with a femtosecondpulsed near-infrared laser was used to simultaneously excite second harmonic generation (SHG) from A-bands of myofibrils and two-photon fluorescence (2PF) from Fluo-4. Analysis methods and algorithms were developed for tracking A-band displacement and computing sarcomere strain maps. We found that Ca 2þ signals and sarcomere strain correlated in space and time with short delays; importantly, localized Ca 2þ sparks and waves caused non-uniform sarcomere contractions in subcellular microdomains. Conclusion: Multi-modal SHG-2PF microscopy enables the study of local mechanical strain in relation to Ca 2þ sparks and waves which are often associated with pathological conditions. The method has multiple advantages: (1) SHG is a label-free process that requires no dyes or genetic labeling; (2) It images A-bands independently of T-tubule morphology; (3) It enables simultaneous measurements of microdomain contraction and local Ca 2þ levels. Therefore SHG-2PF imaging is widely applicable in studying local Ca 2þ and subsarcomere contraction coupling and the mechano-chemo-transduction in live cardiomyocytes.
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One and Two-Photon Calcium Uncaging with Visible Light in Cardiac Myocytes Radoslav Janicek 1 , Hitesh K. Agarwal 2 , Graham C.R. Ellis-Davies 2 , Ernst Niggli 1 . 1 Department of Physiology, University of Bern, Bern, Switzerland, 2 Department of Neuroscience, Mount Sinai School of Medicine, New York, NY, USA. In cardiomyocytes a small amount of Ca 2þ enters the cytoplasm upon depolarization and initiates Ca 2þ -induced Ca 2þ release from the sarcoplasmic reticulum (SR). Spontaneous SR Ca 2þ release events can remain highly localized or initiate Ca 2þ waves that propagate through the cell. A powerful optical method for spatio-temporal control of [Ca 2þ ] i is one-and two-photon uncaging. We have designed a nitroaromatic photochemical protecting group absorbing visible light very efficiently in the violet to blue range. The chromophore is a dinitro derivative of bisstyrylthiophene bearing two EGTA chelators (BIST-2EGTA). BIST-2EGTA has an absorption maximum at 440 nm, quantum yield of photolysis of 0.23, extinction coefficient at 440 nm of 66,000 M À1 cm À1 and binds Ca 2þ with high affinity (K d 84 nM at pH 7.2). Fluorescence imaging with a confocal microscope in point scan mode revealed that rhod-FF showed a rapid change in signal (<200 ms) when BIST-2EGTA was photolyzed using two-photon excitation at 810 nm. Compared to DM-nitrophen the fluorescence signal from BIST-2EGTA was~13.7x larger when photolyzed under the same conditions and could be elicited on physiologically relevant time-scales (<1 ms). The efficiency of BIST-2EGTA to create changes in [Ca 2þ ] i that are useful for physiological studies was examined in whole-cell patch-clamped cardiomyocytes loaded with BIST-2EGTA and rhod-2 or X-rhod-5F. Short (1 ms) two-photon excitation at 810 nm produced localized Ca 2þ releases that were considerably larger than those produced by BIST-2EGTA photolysis in caffeine-treated cells, suggesting active SR Ca 2þ release. Uncaging for longer periods triggered intracellular Ca 2þ ''miniwaves'' or propagating Ca 2þ waves. Cells displayed normal excitationcontraction coupling, implying that BIST-2EGTA is nontoxic. One-photon uncaging at 405 nm also produced striking Ca 2þ waves. BIST-2EGTA has a set of properties that enables highly efficient and fast control of Ca 2þ inside living cells using visible light.
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